Tritium-labelled morphine sulphate was injected into the lumbar (L4-5) subarachnoid space of an adult male baboon. Three hours after injection, the animal was sacrificed. Using quantitative light microscopic autoradiographic mapping techniques, contour and perspective diagrams were prepared that described the position of radiolabel and by inference the distribution of morphine binding sites within the spinal cord. High concentrations of 3 H was found in the medial regions of laminae I, II (substantia gelatinosa) and III of the dorsal horns. Smaller, but significant levels were seen bilaterally in the spinal anterolateral quadrant. Minimal 3 H activity was seen in the remainder of the spinal cord with the lowest level being recorded in the spinal canal. Perspective graphics proved a precise and attractive method for locating the position and quantifying the concentration of radio la bel in baboon spinal cord.
The narcotic and analgesic effect of morphine, administered by intravenous or intramuscular injection, has been recognised by clinicians for well over a century. More recently, this opiate administered by intrathecal or epidural injection has proved particularly useful as a means of providing regional anaesthesia during surgical procedures and for postoperative pain relief. Various studies have been instituted to deduce how and/or where in the central nervous system opioids interact with the complex pain pathways to cause analgesia. I -5 Such studies suggest that opiatemediated analgesia is effected as a result of its affinity for various but stereospecific receptors in neuronal synapses. In the case of morphine and its derivatives, it appears that by interacting with mu and possibly delta receptors,4,5 this group of opiates effectively blocks the relay of nociceptive impulses from receptors in the skin, muscle and joints to the pain decoding centres of the brain. 6 -s There is longstanding controversy over the analgesic site of action of intrathecally administered morphine. Some workers consider that morphine analgesia is mediated only in the brain. 9 This is supported by the presence of clusters of opiate receptors in the floor of the 4th ventricle, mid-brain and brain stem periaqueductal grey, dorso-medial thalamus and nucleus magnocellularis. 1o -12 Other investigators report that intrathecal morphine analgesia is mediated directly at the level of the spinal cord. The latter premise appears to hold favour with the majority of workers at this time. 13 -16 Various in vivo and in vitro methods have been employed to locate the position of opiatebinding sites in mammalian spinal cord. In rats, light microscopic autoradiography together with 'silver grain' density mapping has shown that 3H diprenorphine and 3H etorphine were specifically bound to receptors in the trigeminal nucleus and laminae I, II and I1II7 of the dorsal horn. 3 . 18 In primates, tissue homogenisation followed by liquid scintillation spectrophotometry or biochemical assay has shown that stereospecific opiate receptorbinding occurs in the upper dorsal horn 19 and to a lesser extent in the axonic white matter of the dorsal and lateral columns. 20 The latter methods, although suitable for identifying the presence and quantifying the levels of marker ligands in tissue homogenates, are not suitable for locating the precise position of ligand/receptor binding sites in the spinal cord.
At present, there is no report that accurately describes the position of morphine-binding sites in primate spinal cord, following the intrathecal injection of a narcotic. The object of this study was, therefore, with the help of light microscopic autoradiography and computerassisted perspective mapping, to both quantify and graphically portray the position of radiolabel and, by inference, morphine-binding sites in baboon spinal cord.
METHODS

A male adult baboon (Papio ursinus)
weighing 27 kg was anaesthetised with intramuscular ketamine (10-20 mg/kg). Prior to intrathecal injection, the lumbar region (L4-5) of the animal was closely shaved and cleaned. With the baboon in the right lateral position, using a Terumo 22 ga spinal needle, 1.0 ml of isotonic saline containing 1.0 millicurie of 3H morphine (2.5 mg/ml -Amersham International, U.K.) was injected into the subarachnoid space (L4-5).
The animal was left anaesthetised in the supine position for three hours prior to sacrifice. It was hoped that an extended period of 'vascular washing' would improve the specificity of 3H ligand/receptor binding by removing loosely bound non-specific and unbound interstitial radiolabel. The baboon was sacrificed by injecting concentrated potassium chloride solution into the heart. At autopsy, performed within minutes of death, the entire spinal cord was removed and quenched in liquid nitrogen.
Determination of Tissue 3H concentrations
To reduce the time of exposure, it is expedient that autoradiographiC procedures be performed on tissue c.ontaining high concentrations of radio label. To locate this region, blocks of spinal cord approximately 1.5 cm in length were taken from within 0.5 cm of the injection site and four other positions at 10 cm intervals above (3) and below (1) the injection site. Quantitative tissue solubilising/ scintillator count techniques identified the tissue proximal to the injection site as having the highest 3H activity (118 x 104 counts per min/mm3). 21 During the course of this study, tissue from the injection site was used to demonstrate the position of radiolabel.
Cryosectioning, Staining and A utoradiographic procedures
Using a Reichert 'Frigocut' cryostat and a chamber temperature of -15 QC, transverse cryosections of 10 J.tm were made from the surface and each of two deeper levels (approximately 4 mm and 8 mm from the surface) of the block of tissues. Sections were air-dried onto gelatin coated slides and fixed in Baker's fluid at 4 QC. To ensure that tissue structure was preserved and good transverse orientation had been achieved, one section from each level was stained with haematoxylin and eosin. After taking appropriate safelight precautions, sections were 'dip' coated with a 50OJo aqueous solution of Kodak NTB3 nuclear track emulsion at 40 QC. The emulsion was warm-air-dried and sections were exposed for eight days at 7 QC in the dark. The auto radiographs were developed with a 50OJo solution of 019 developer for six minutes at 20 QC, washed for 30 secs in IOJo acetic acid and fixed for two minutes in a I DOJo solution of Amfix + hardener (May and Baker). The autographs were washed in distilled water for five minutes, stained with haematoxylin and eosin, dehydrated and mounted in DPX.
Autoradiographic counting procedures
Three autoradiographs were comprehensively evaluated from each level. Based on the low-power microscopic appearance of the tissue, a diagram was constructed that described the cross-sectional shape and gross microscopic characteristics of the spinal cord. Using the diagram as a template, the sections were divided into 35 regions. Some regions were morphologically identifiable (e.g. Rexed laminae, dorsal and lateral tracts), others were selected for mapping purposes (to delimit the section and link intermorphologically identifiable spaces). Developed silver halide particle (grain) counts per region were made with a Nikon 'Optiphot' photomicroscope fitted with a lOO-objective and a 25-square, eyepiece graticule. Each square represented 200 f..tm 2 of tissue. A total of 75 squares were counted per region in each of the slides. Regional grain count data from each of the slides was combined and recorded as mean grain counts per square (MGC/sq). For computer mapping purposes, MGC/sq data was assigned to a position within each region that approximated that region's highest grain count. Background MGC/sq were made from four positions approximately 100 f..tm from the tissue.
3H Mapping procedures
The combined control and specimen regional mean and standard deviation MGC/sq data from the autoradiographs were entered into a Sperry 'Univac' computer. Contour and perspective diagrams were prepared using a SCALANT graphics program (developed by the Department of Energy, Mines and Resources, Ottawa, Canada). The program operates by constructing a uniform, rectangular grid of 40 X 36 values which it determines by interpolation from the measured values. The contour (Figure 1 ) and perspective diagrams ( Figure 2) were then drawn from the interpolated values. the levels was minimal. In addition, the background MGC/sq was low (1.2 MGC/sq; Standard Deviation 1.1). These observations suggested that the preparatory procedures neither translocated the isotope nor caused any appreciable cosmic or photon fogging. Figure 1 is a contour diagram that shows the distribution of radiolabel (3H) in baboon spinal cord three hours after the intrathecal injection of 3H morphine sulphate. The 'high count' position of each of the 35 regional and four background grain counts are identified by the symbol (0). Mean regional MGC/sq are also shown. The contour diagram shows, that 3H was concentrated in Rexed laminae I, 11 and III with 'hot spot', high concentrations being localised in the medial regions of lamina 11 (A and B). Moderate levels of 3H were demonstrated bilaterally in the anterolateral quadrants (C and· D). Note that there was little 3H in the central canal (E). These observations are graphically illustrated in the perspective diagram (Figure 2 ).
RESULTS
Variations in
DISCUSSION
The objectives of this pilot study were to determine whether intrathecal 3H morphine sulphate injection followed by autoradiographic (silver grain) density contour mapping and perspective graphics were viable methods for the location, quantification and portrayal of morphine/receptor-binding in primate spinal cord.
Radiolabel was preferentially localised to the medial aspect of Rexed laminae I, 11 (substantia gelatinosa) and ,Ill of the dorsal horn. Of particular interest was the observation that significant quantities of radiolabel were found bilaterally in the white matter comprising the anterolateral quadrant. An earlier study performed by Snyder, Pert and Pasternak 20 revealed the presence, though not the position of stereospecific dihydromorphine/receptorbinding in the white matter of rhesus monkey spinal cord. More recent autoradiographic studies performed on non-primates have not confirmed these observations. This present investigation both supports Snyder's findings and tentatively localises the position of white matter morphine binding to the anterolateral quadrant in primates.
In conclusion, this pilot study shows that autoradiographic mapping and perspective graphics are precise and attractive methods for locating the position and quantifying concentrations of radiolabel in tissue. The preliminary results show that radiolabel, and by inference morphine-binding sites are preferentially located in the substantia gelatinosa of the dorsal horns and to a lesser degree in the white matter of the anterolateral quadrant. These observations are tentative and subject to confirmation pending studies that include controls to ensure ligand/morphine receptor stereospecificity.
